We investigate the nonleptonic decay of charmed meson into two pseudoscalar mesons using the vector-dominance model, and compare the results with those obtained from the factorization model. In particular, we discuss the role of the annihilation diagrams in the two models.
Much of what we understand about nonleptonic decays of strange particles comes from current algebra and the soft pion technique. Unfortunately, this technique cannot be applied to the decay of heavy mesons carrying the c or the b quark, since the emitted pions are generally not soft. In this case a completely different method has been developed based on the assumption that the hadronic matrix element of currents factorizes 1 .
Historically, the nonleptonic decays of strange particles have also been discussed in terms of a dymanical model 2 based on the idea of vector dominance. In particular, it is well-known that for the K → 2π decays this model provides a satisfactory description.
It would be of interest to see how vector dominance fares in describing also the heavy meson decays. In this paper we deal with this question and, as an extension of K → 2π, discuss the decay of D and D S mesons into two pseudoscalars. Indeed such an analysis was attempted several years ago 3 . The present work obviously benefits from the availability of better data. More importantly, however, we undertake a detailed comparison of the vector dominance model and the factorization model. In particular, we discuss the role of the so-called annihilation amplitudes in the two models.
For nonleptonic decay of charm, the effective weak Hamiltonian in the current-current form may be taken to be
where (q β q α ) µ are color-singlet V-A currents
and a 1 , a 2 are real coefficients which we treat as phenomenological parameters. The primed quark fields are related to the unprimed ones by the usual Cabibbo-Kobayashi-Maskawa (CKM) mixing matrix. We shall ignore the Penguin-type contributions. For the nonleptonic D and D S decays into two mesons, the Hamiltonian (1) leads to two main classes of quark-model diagrams, the spectator and the annihilation diagrams shown in Figs. 1(a) and 1(b) respectively. It is well-known that the annihilation-diagram contribution in the quark model is helicity suppressed.
The factorization model assumes that the matrix element for the decay D → P 1 P 2 (P 1 and P 2 are light mesons) can be written in the factorized form
The two terms on the right can easily be seen to correspond to the quark-model spectator diagrams of Fig. 1(a) . An important feature of the factorization approximation is that the annihilation diagram can be neglected 1 . To see this, note that the annihilation diagram corresponds to the factorization There is another argument that shows an additional suppression of the annihilation contribution. To appreciate this, note that the structure of the matrix element (4) can be written from Lorentz invariance in terms of form-factors to be evaluated at the momentum transfer (
the standard pole-dominated form, the form-factor is then expected to lead to a further suppression of the annihilation amplitude. By contrast, again, the form-factors appearing in the spectator amplitude (3) are to be evaluated at the low mementum transfer
, and thus need not be suppressed.
Consider now the vector-dominance model. Here we take the currents in H W to be the hadronic currents given by the field-current identities (α,
where (φ µ ) is proportional to
In the pole term, if we set q 2 = −m 2 D , at first sight it seems to lead to a suppression in the annihilation amplitude. However it is trivial to see that the pole actually cancels, and one obtains
The annihilation amplitude does depend on the masses m 1 , m 2 of the light mesons. Again, this is the analogue of the helicity suppression in the quark model. However, it is easy to see that V is a light vector meson in this case, so the annihilation amplitude is actually proportional to the ratio of light meson mass squares. By contrast, for the spectator diagram of Fig. 3(a) , the amplitude is proportional to In terms of the isospin amplitudes, we have
where
is the amplitude in the isospin state I and δ I is the phase shift in that channel. Using the data from the recent particle properties data 5 booklet, we obtain
We now use the vector dominance model to compute these amplitudes. Since we do not know all the strong interaction coupling constants, we use flavor SU(4) symmetry to relate these to g ρππ , which is known from the ρ → 2π decay (g ρππ 4.0). The D → Kπ amplitudes can then be written down from the Feynman diagrams of Fig. 3 to be
The V 's are the CKM matrix elements and the couplings g V and f P in (12) 
Using the values (11) for these amplitudes obtained from the data, we find two solutions (only the relative sign of a 1 and a 2 is important)
II. a 1 = 1.13 , a 2 = −1.57
It should be emphasized that the annihilation contribution has been included in this analysis. We find however that in the D → Kπ decays, this contribution is numerically small compared with the spectator contribution.
Isospin analyses similar to the one above can also be performed for the Cabibbo
has a measured branching ratio at present. It is not hard to see that this experimental value is already sufficient to rule out the solution II. Also the surviving solution I is consistent with the data with negligible final state interaction. In the D → KK decays, on the other hand, we find that the data require sizable final state interaction. In this case, while neither of the solutions can be ruled out, we find that I satisfies the data better. We do not present the details of these analyses here, but accept the conclusion that the present data favors the solution I over II. Table 1 Figure and Table Captions Fig. 1 Quark-model diagrams for the nonleptonic decay of D and D S into two mesons.
1(a) describe the spectator diagrams and 1(b) the annihilation diagrams. 
